Objectives: Implant supported single metal-ceramic crowns cemented either extraorally or intraorally were comparatively evaluated by clinical, radiologic, biomarker, and microbiological parameters.
| I NTR OD U CTI ON
Intraosseous dental implants are frequently preferred treatment choice for rehabilitation of partial or total edentulous patients to reduce the physical and cosmetic consequences of tooth loss. Implants restored with fixed dental prosthesis (FDPs) have high survival rate in spite of the fact that mechanical, aesthetical, or biological complications may occur in clinical use. Biological complications can be categorized as surgery-related implant loss, bone loss, and peri-implant soft tissue diseases. 1 Bacteria play a major role in the etiology of peri-implant diseases, which can be restricted to the soft tissues in terms of mucositis or progress to the supporting bone and induce bone destruction; namely peri-implantitis.
Implant supported FDPs can be fixed on implants either by screws or by cementation. Survival rates for single-unit screw retained and cemented prosthesis were shown to be 89.3% (95% CI: 64.9%-97.1%) and 96.5% (95% CI: 94.8%-97.7%), respectively without any statistical significant difference. 2 Both techniques have their own advantages and disadvantages; cemented restorations have less technical complications (24.4% vs 11.9%), whereas biological complications are more frequently associated with cemented crowns (2.8% vs 0%). 3, 4 It is known that deeper the crown-abutment margin is placed more excess cement is left in the peri-implant mucosa/sulcus 5 which promotes the formation of biofilm leading to inflammation in the peri-implant tissues and cause biological complications. 6 A clinical study by Wilson 7 reported a positive relation between residual cement and development of chronic peri-implant diseases. In order to eliminate the biological complications of cemented reconstructions, screw retained prostheses can be preferred in certain cases. However, an implant with locking taper connection does not have a retention screw and single crowns could be extra-orally cemented and therefore, may eliminate the negative consequences of both screw retained and cemented prosthesis while preserving the positive aspects of both techniques.
Inflammation affecting the peri-implant tissues causes mucositis and peri-implantitis via similar inflammatory mechanisms acting in the pathogenesis of gingivitis and periodontitis. There are studies reporting similar content of the pathogenic bacteria in the biofilm around dental implants and natural teeth [8] [9] [10] while differences in bacterial species in the same individuals were demonstrated recently suggesting distinct pathogenic mechanisms. 11 It is also shown that presence of Aggregatibacter actinomycetemcomitans, Prevotella intermedia, Porphyromonas gingivalis, Treponema denticola, and Fusobacterium nucleatum at the implant sulcus was affected by the presence or absence of these microorganisms in the gingival crevice of adjacent teeth rather than other sites in the dentition. 10 Interactions between the three members of the tumor necrosis factor (TNF) superfamily; receptor activator of NF-jB ligand (RANKL), RANK, and osteoprotegerin (OPG) are important in coordination of osteoclastogenesis and alveolar bone resorption. 12 RANKL binds directly to RANK on the surface of preosteoclasts, osteoclasts, and stimulates both the differentiation of osteoclast progenitors and activity of mature osteoclasts. OPG is the naturally occurring inhibitor of osteoclast differentiation. It is a soluble molecule that binds to RANKL with high affinity and blocks RANKL from interacting with RANK. 13 Conversely, interleukin-17 (IL-17) synergizes with other cytokines, including IL-1b, TNF-a. IL-17A increases RANKL expression and concomitantly decreases OPG expression in osteoblastic cells in vitro and in vivo, thereby enhancing osteoclast formation and bone erosion. 14 In contrast with the other IL-17 family cytokines IL-17E is an anti-inflammatory cytokine, which opposes the functions of IL-17A. 15 The levels of inflammatory biomarkers change in periimplantitis 16 and periodontitis 17 sites and therefore, their levels could be informative for the inflammatory status of peri-implant and periodontal tissues.
It was hypothesized that due to the reduced risk of excess cement, extraorally cemented implant-supported crowns exhibit less crestal bone loss and microbiological load, and smaller amounts of inflammatory biomarkers than intraorally cemented crowns. Therefore, the aim of this clinical study was to comparatively evaluate the implant supported metal-ceramic crowns cemented either intraorally or extraorally by clinical, biomarker, and microbiological parameters during the 6-months period after implant loading. Moreover, the biomarker and microbiological data were compared with those around the natural adjacent teeth in the same individuals in an attempt to compare the process around natural teeth and implants. 
| Surgical procedures
All the surgical procedures were carried out at the Department of 
| Prosthetic procedures
Following the implant surgery, a 3-month period was allowed for subgingivally at all sites so that the crown margins were located 1 mm below the gingival margin. When the metal-ceramic crowns were fabricated following standard procedures the cementation steps were initiated. The intra-oral cementation (IOC) and extra-oral cementation (EOC) groups were randomly assigned at the final prosthetic stage by a researcher blinded to the study by toss of a coin. The abutments in the IOC group were cleaned, sterilized, and placed into the implants, and after the shoulders of the abutment was confirmed to be 1 mm subgingivally, slight vertical tapping was performed to assure the cold weld between the implant and the abutment. The crowns were then cemented over the abutments using zinc polycarboxylate cement (Poly-F Plus; Dentsply International, York, Pennsylvania). After the setting, maximum care was taken to remove excess cement around the abutments. The abutments in EOC group were also placed into the implants to confirm the position of the shoulder and then removed back to perform EOC procedures. The crowns were cemented extraorally using the same material and the excess cement was thoroughly cleaned before the final installation of the abutment into the implants as described for IOC group. After completion of the prosthetic stage, patients were recalled for clinical evaluation, at 3 and 6 months followup sessions. During this period, patients were motivated and instructed for optimum plaque control but flossing around the implants was avoided.
| Clinical and radiographic recordings
Clinical evaluations were performed at baseline and also at 3, 6 months The radiographs were stored as digital images and on each image the implant length and implant diameter were used as the reference for measurements. Implant-abutment interface and first bone to implant contact was depicted on each image and the vertical distance between these two points were noted as the crestal bone level (CBL). The bone loss at 6 months was calculated subtracting the CBL at baseline from the CBL at 6 months. The follow-up radiographs were randomly numbered by a periodontist not involved in the study and all radiographic assessments were performed following the numeric order by the same investigator (BK) in a blinded manner. were discarded. The PICF/GCF volume absorbed on each paper strip was determined by a specific electronic impedance device (Periotron 8000, ProFlow, Inc., Amityville, New York) and both strips from each implant or tooth were placed in one sterile precoded polypropylene tube and kept at 2408C until the laboratory analysis. The readings from the Periotron 8000 were converted to actual volumes (ml) by reference to the standard curve.
| Collecting biofluid and microbiological samples
Approximately 15 minutes after PICF/GCF collection, subgingival plaque samples were collected from the same interproximal sites by using standardized #30 sterile paper points. A sterile paper point was inserted to the base of the sulcus, left there for 10 seconds and then removed gently. Maximum care was taken not to provoke any bleeding in the adjacent tissues. The plaque samples from each individual were placed in a dry Eppendorf tube, and kept at 2408C.
| Elution of PICF/GCF
The PICF/GCF samples were eluted from paperstrips into 500 ml PBS by vortexing the sample vigorously for 30 seconds, the paperstrip was removed and microorganisms in the sample were pelleted by centrifugation at 14 000 g for 10 minutes and the supernatant was transferred to a clean tube. All reaction efficiencies calculated were acceptable (between 91% and 104%). All primer sets failed to amplify the DNA purified from different microbial standards. After assessing that the data distribution was skewed as determined by a Q-Q plot, the data were analyzed by nonparametric tests.
| Statistical analyses
The Friedman test with a post hoc Dunn's test was used to determine significance levels between baseline and the sample time points.
Differences between the treatment sites were assessed by the MannWhitney U test. Correlations between the clinical parameters and the microbial analysis, and between biomarker data were evaluated with Spearman rho rank correlation test. All tests were performed at a 5 0.05 significance level.
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| Clinical and radiographic findings
All patients included in the present study completed the study protocol.
The number of molars and premolars was 8 and 4, respectively for both intraoral and extraoral cementation. Clinical and radiographic findings are shown in Table 1 . No excess cement was seen at any of the x-rays. According to the statistical analysis, no significant differences were found between control teeth, EOC, and IOC groups in terms of crestal bone loss, soft tissue inflammation or PICF/GCF sample volumes (P < .05).
| Biomarker findings
Biomarker findings are shown in Tables 2 and 3 . There were no significant differences in RANKL, OPG, IL-17A, IL-17E, IL-1b levels, or RANKL/OPG ratio between the study groups at baseline or at the 3-, 6-month evaluations (Table 2) . RANKL, IL-1b levels, and RANKL/OPG, IL-17A/IL-17E ratios were similar within each study group between baseline and follow-up evaluations ( Table 2 ). The total amounts of KIRAN ET AL.
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OPG and IL-17E were significantly lower at the 3-month evaluation than the baseline values in the IOC group (P 5 .03, P 5 .013, respectively). IL-17A/IL-17E ratio was significantly higher in the IOC group than the EOC group (P 5 .03) at the 3-month evaluation (Table 2) . At 6 months concentrations of sRANKL, OPG, and IL-17A were lower in the EOC group than in the control group (P 5 .013, P 5 .024, and P 5 .031, respectively) but no significant differences were seen between the IOC group and EOC groups or the IOC and control groups (Table 3 ).
| Microbiological findings
Microbiological findings are shown in Tables 4 and 5 . Levels of A. actinomycetemcomitans, P. intermedia, T. forsythia, T. denticola, S. salivarius as well as the total bacterial load were similar in the study groups at all times ( Table 2) . Fusobacterium nucleatum level (Table 4 ) and percentage (Table 5) were significantly lower in the samples of the intraorally cemented implants than those around the natural teeth at the third month (P 5 .03). At baseline, P. gingivalis levels were significantly higher (P 5 .02) in the control teeth than those around the extraorally cemented implants (Table 4) .
| DI SCUS SION
Peri-implantitis is usually diagnosed by clinical measures such as bleeding on probing, suppuration, and radiographic findings of bone resorption. 24 Local risk factors such as excess cement seem to play an important role in the etiology of peri-implant diseases. 25, 26 Various studies have focused on the relationship between excess cement and peri-implantitis. 7, [27] [28] [29] There are published clinical protocols for the cementation procedure 30 but it has proven difficult to completely elimi- Published studies mostly suggest that biomarker and microbiological data are similar around natural teeth and intraosseous dental implants as long as the clinical health state is similar. 8, 31 A recent study by G€ urlek and colleagues 11 also stated that differences in bacterial species in the same individuals were evident. The present study revealed similar findings in the PICF and GCF samples. This finding can be regarded as a further support for the similarity of the milieu/media of peri-implant and periodontal environments.
The prevalence of peri-implant diseases around implants with cemented restorations were reported to be 75% and 64% of those being positive for cement excess. 32 Excess cement without inflammation of the peri-implant tissue was rarely detected with permanent cement and amounted 8.5%-8.8%. 32, 33 In a recent review investigating the role of excess cement as a possible risk indicator for peri-implant diseases, it was found that undetected excess cement occurred irrespective of the cement medium or type of abutment used, and the prevalence was higher with short soft tissue healing periods. In order to eliminate that risk the healing abutments were placed at the day of implant placement and a 3-month soft tissue healing period was allowed in the current study. Moreover, in the same review it was suggested that an early detection of the disease and accompanied excess cement up to 5 month after restoration placement was more often related to the diagnosis of peri-implant mucositis as the early stage of the disease process than with peri-implantitis. 6 Even though the follow-up period in the current study slightly exceeded the time limit suggested by Staubli and colleagues, 6 the crestal bone change in IOC and EOC groups are more likely to be a consequence of physiologic bone remodeling rather than an outcome of the cementation technique. A limitation of the current study therefore, could be the 6-month follow-up period after implant loading which is a relatively short period for the interpretation of the actual cause of bone level changes.
Screw-retained prostheses may be considered as alternatives for cement-retained ones to eliminate problems arising from the use of cement. However, screw-retained prostheses have major drawbacks such as screw loosening, esthetic problems, difficulty in fabrication, and in providing a passive fit, and so on. In order to provide an acceptable final result with screw retained prosthesis the implant requires an optimum 3D positioning, which is not always achievable. 3, 4 The implants were placed in posterior areas of the maxilla in the current study and optimum positioning of the implants were achieved. Screw retained prostheses could also be fabricated, however, the cemented prostheses are generally the treatment of choice in the daily practice, and EOC techniques can harbor the advantages of screw retained prosthesis but eliminate the biological complications of cement retained crowns.
Therefore, in the present study we compared the IOC and EOC techniques.
In a recent study, Canullo and colleagues 34 compared EOC and IOC techniques with "traditional" chamfer abutment design or featheredge abutment design. The authors suggested that EOC technique could minimize the presence of cement remnants, but they also observed that there were little cement remnants in the IOC group.
They considered the possibility of cement-induced pathology to be very low. These findings are supported by the current findings since excess cement related peri-implant pathology was not detected in the present study. Apart from the cementation technique, the type of cement and accurate cement cleaning are the other determining factors for the presence or absence of excess cement and related pathology.
A major limitation of the present study is that the study included a rather small population and the conditions of a conservative a priori power analysis were difficult to achieve. This was due to the difficulties in recruiting patients that fulfilled the inclusion criteria; particularly where the split-mouth design rather than a parallel arm study design was chosen. However, sufficiently large effect sizes were achieved for some of the chosen biomarkers: OPG, sRANKL, Il-17A, and IL-17E and for the microbes F. nucleatum and P. gingivalis. However, most of the cytokine levels were similar at the different study sites and this might be explained by appropriate oral care provided by the patients. Conversely, RANKL and OPG levels and particularly the ratio of RANKL/OPG is regarded as a reliable biomarker for bone loss in periodontitis or peri-implantitis. A higher amount of OPG was seen at 3 months at the EOC sites compared to the IOC sites.
Whether this is an important finding needs further clarification, however, one is tempted to speculate that this might bode well for good osseointegration. The present findings revealed similar levels and proportions of several bacteria in the samples obtained from sites at EOC or IOC implants as well as their adjacent teeth with the following exceptions: lower F. nucleatum at 3 months and P. gingivalis levels at baseline than at the control tooth sites. Previous studies that compared screw-retained abutments with cement-retained abutments reported that cement-retained abutment implants offered better results relating to fluid and bacterial permeability when compared to screw-retained abutment implants. 37, 38 Our microbiological data is in line with these previous studies and further emphasizes the need for complete removal of the fixation cement particularly after intraoral cementation.
Presence of an inflammatory cell infiltrate at the implant-abutment junction has been described even around implants with very good hygiene and healthy peri-implant tissues. 39 This appears to be accompanied by bacterial plaque accumulation that cannot be completely prevented. Accordingly, the present study indicated presence of various bacteria, even of several putative periodontal pathogens at the implant sites without appearing to cause clinically detectable inflammation. 
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